Introduction {#sec1-1}
============

Antibiotics are extensively used in poultry industry at subtherapeutic doses to improve meat production through increasing feed conversion, promoting growth rate, and preventing diseases \[[@ref1],[@ref2]\]. Globally, it is estimated that 50% of the antibiotics produced in the world are used in animals as growth promoters \[[@ref3]\]. Indiscriminate use of antibiotics often leads to the evolution of antimicrobial resistance (AMR) in pathogens, in both human and animal venues alike \[[@ref4]-[@ref6]\]. Prolonged exposure to subtherapeutic antibiotic doses leads to the proliferation of resistant bacterial strains, which might transfer AMR genes to other species of bacteria, with difficulty in predicting consequences to human health \[[@ref7],[@ref8]\]. However, poultry industry is blamed for the dramatic rise and spread of AMR in bacteria \[[@ref9]-[@ref11]\]. However, AMR is a global health threat because it renders many antibiotics ineffective, and thus, simply treated infections may become more virulent and even deadly to humans soon \[[@ref12]\]. In animal production, AMR can lead to more severe outbreaks of diseases and mass deaths among animal and poultry populations with enormous economic loses \[[@ref6]\]. Besides the AMR crisis, antibiotic residues in animal foods may represent great health risks to humans due to its several side effects including toxicity, carcinogenicity, and sensitivity \[[@ref13]\].

Sulfonamides (SAs) are a group of synthetic antibiotics with a broad-spectrum effect against the majority of G− and G+ bacteria. Due to its strong antimicrobial activity, SAs are used to treat several human infections such as respiratory and digestive tract infections. SAs have a bacteriostatic effect through binding ρ-aminobenzoic acid, which is necessary for folic acid synthesis and, consequently, inhibit bacterial DNA formation \[[@ref14]\]. Among more than 5400 SA derivatives, sulfamethazine (SMZ) is one of the most used SAs in human and animal medication. SMZ is widely used by veterinarians in disease treatment and prevention or growth-promoting purposes in ruminants and poultry. The high efficacy and low cost have resulted in the wide use of SMZ in poultry production, as an additive in water or feed \[[@ref15]\]. Several reports indicated that SMZ comprised approximately 95% of SA violations in animal tissues \[[@ref9],[@ref16],[@ref17]\].

Chemical and microbiological safeties of poultry meat are of great concern for both consumers and legal authorities \[[@ref18],[@ref19]\]. The European Union (EU) report concerning the chemical residues in animal foods showed that the SAs, including SMZ, are one of the most occurring and contaminating drugs \[[@ref9]\]. SMZ is a suspected carcinogen \[[@ref20]\] and has been detected and found in meat, fish, milk, and cheese \[[@ref21]-[@ref24]\]. Furthermore, SMZ is more heat stable than other SAs, which indicates that it is less affected by different cooking conditions and more residues left in cooked food \[[@ref25]\]. Accordingly, the maximum residue limit (MRL) of SMZ in animal tissues is set at 100 ppb \[[@ref26]\].

In Jordan, 60-70% of consumed meats are poultry meats \[[@ref27]\]. Besides domestic production, Jordan imports poultry meat from different countries around the world. Few of these countries, like Europe, banned the use of antibiotics as growth promoters, while many other countries allow it. Moreover, the high consumption rate of poultry meat per capita in Jordan may imply a greater potential risk of higher antibiotics exposure by consumers.

On extensive search, no available data were found about the incidence of SMZ in poultry meat in Jordan. For this reason, this work aimed to assess the exposure risk of Jordanian population to SMZ through the determination of the levels of SMZ in fresh and frozen domestic and imported poultry meat marketed in Jordan.

Materials and Methods {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

This study did not involve the use of live animals, and hence, ethical approval was not required.

Poultry samples collection {#sec2-2}
--------------------------

A total of 120 of fresh and frozen domestic and frozen imported poultry samples (60, 30, and 30 samples, respectively) ([Table-1](#T1){ref-type="table"}) representing the most traded brands from different cities in Jordan were randomly collected during February and November 2017. Samples were collected in sterile bags and transferred in icebox to the laboratory. On reception, collected samples were stored at −20°C freezer until the analysis.

###### 

Sources and numbers of poultry meat samples collected from Jordanian markets for investigation of sulfamethazine residues.

  Poultry source     Number of samples
  ------------------ -------------------
  Domestic poultry   
   Fresh             60
   Frozen            30
  Imported poultry   
   Frozen            30
   Total             120

Poultry samples preparation {#sec2-3}
---------------------------

Fat-free meat pieces were taken from the collected samples and homogenized by a mixer to a fine paste. A 5 g portion of each homogenized sample was mixed vigorously with 20 ml of acetonitrile/water mixture (84/16) for 10 min and centrifuged at 3000 g/10 min/15°C. A 3 ml portion of the supernatant was then diluted with another 3 ml of distilled water followed by addition of 4.5 ml of ethyl acetate and mixing for 10 min. This mixture was centrifuged at 3000 g/10 min/15°C. The superior ethyl acetate layer was then transferred into another centrifugal vial and was evaporated to dryness. Dried residue was dissolved in 1.5 ml of buffer 1 (provided with the kit), and for further degreasing, 1.5 ml of n-hexane was added and mixed for 5 min, then centrifuged at 3000 g/10 min/15°C. The upper hexane layer was completely removed, and a 50 µL quantity of the aqueous phase was used for SMZ determination using a specific enzyme-linked immunosorbent assay (ELISA) kit.

Analysis of SMZ by competitive ELISA {#sec2-4}
------------------------------------

Determination of SMZ residues was carried out using Ridascreen sulfamethazine competitive ELISA kit (Art No. R3001) from R-Biopharm (Darmstadt, Germany), with a detection limit of 18 ppb. For the preparation of standard curve, SMZ standard solutions of 0, 30, 90, 270, and 810 ppb concentrations were provided with the kit. Before use, the kit materials were brought to room temperature (RT) (20-25°C). Sample analysis was carried out according to the manufacturer's instructions. Briefly: SMZ microwells plate was pipetted with 50 µL of samples extract or each standard solution (for standard curve preparation) in duplicate. Then, 50 µL of diluted enzyme conjugate solution was added to each well followed by addition of 50 µL of diluted antibody solution to each well. The plate was then mixed gently by shaking and incubated for 2 h at RT. The liquid was then poured out of the wells and the microwells plate tapped upside down vigorously for 3 times against absorbent paper to ensure complete liquid removal from the wells. The wells were then washed with 250 µL distilled water and the liquid was poured out again for 2 times. A 50 µL of substrate and 50 µL of chromogen were added to each well, and then, the plate was mixed by gentle shaking and incubated for 30 min in the dark at RT. Finally, 100 µL of the stop solution was added to each well with gentle mixing. The absorbance was done within 30 min after the addition of stop solution at 450 nm in Bioteck-XLD800 Multi Scan Plate Reader (Bioteck, VA, USA), and the absorption intensity was inversely proportional to samples SMZ contents. SMZ sheet supplied with the kit was used to generate a standard curve and to calculate the concentration of SMZ in the samples.

Exposure assessment of SMZ and estimated daily intake (EDI) {#sec2-5}
-----------------------------------------------------------

The EDI values of SMZ (µg/kg body weight \[b.w.\]/day) were calculated from the average SMZ level (µg/g) in poultry meat samples, the daily intake of poultry meat, and mean b.w. for adults in Jordan (85 g and 79 kg, respectively) (27 DOS, 2017). The EDI was calculated according to Awaisheh *et al*. \[[@ref28]\]:

EDI (µg/kg b.w./day) = \[SMZ\] × \[Daily poultry consumption\]/\[b.w.\].

Statistical analysis {#sec2-6}
--------------------

The statistical analysis has been conducted using SPSS (Version 11.5, SPSS Inc., Chicago, IL, USA). A two-way analysis of variance was used to evaluate the variation in SMZ residue concentrations among different sample sources. p\<0.05 was considered to indicate statistical significance.

Results {#sec1-3}
=======

Levels of SMZ residues in different poultry meat samples {#sec2-7}
--------------------------------------------------------

In the current study, contamination levels of SMZ in 120 poultry meat samples (60 fresh and 30 frozen domestic and 30 frozen imported samples) were screened. As shown in [Table-2](#T2){ref-type="table"}, the results revealed that 20 of 120 samples (16.7%) were contaminated with SMZ levels exceeded the international MRL (100 µg/kg), and these samples were considered as violative-positive samples. The average of SMZ was 235.58 µg/kg and ranged from 11.47 to 810 µg/kg. In detail, 11 samples (18.3%) and 1 sample (3.3%) of the fresh and frozen domestic poultry samples were contaminated with SMZ above the MRL, with average of 265.07 and 66.87 µg/kg, and range of 11.47-810 µg/kg for both types of samples, respectively ([Table-2](#T2){ref-type="table"}). Whereas, 8 samples (26.7%) of the frozen imported poultry samples were contaminated with the highest level of SMZ, with an average of 353.08 µg/kg, and range of 11.47-810 µg/kg. However, 51 samples (42.5%) were found to have SMZ levels between 10 and 100 µg/kg and these samples were considered as non-violative-positive samples; and 49 samples (40.8%) were found to have SMZ levels below the detection limit of the ELISA kit (\<10 µg/kg) and these samples were considered as negative samples.

###### 

Numbers (%) of sulfamethazine negative, non-violative positive, and violative positive in poultry samples.

  Poultry source     Negative^[1](#t2f1){ref-type="table-fn"}^ (%)   Non-violative positive^[2](#t2f2){ref-type="table-fn"}^ (%)   Violative positive^[3](#t2f3){ref-type="table-fn"}^ (%)   Average (µg/kg)^[4](#t2f4){ref-type="table-fn"}^   Minimum-maximum results   Total
  ------------------ ----------------------------------------------- ------------------------------------------------------------- --------------------------------------------------------- -------------------------------------------------- ------------------------- -------
  Domestic--Fresh    27 (45)                                         22 (36.7)                                                     11 (18.3)                                                 265.07^b,[5](#t2f5){ref-type="table-fn"}^±14.53    11.47-\>810               60
  Domestic--Frozen   11 (36.7)                                       18 (60)                                                       1 (3.3)                                                   66.87^c^±2.98                                      11.47-\>810               30
  Imported--Frozen   11 (36.7)                                       11 (36.7)                                                     8 (26.7)                                                  353.08^a^±18.37                                    11.47-\>810               30
  Total              49 (40.8)                                       51 (42.5)                                                     20 (16.7)                                                 235.58±15.83                                       11.47-\>810               120

Negative samples=Samples with no detected antibiotic,

Non-violative-positive sample=Samples with detected antibiotic below MRL (100 ppb), and

Violative positive=Samples with antibiotic exceeding the MRL.

Results are means±SE of four determinations.

Means within the same row with different letters are significantly different (p\<0.05). SE=Standard error, MRL=Maximum residue limit

Exposure assessment of SMZ and EDI {#sec2-8}
----------------------------------

Up to our best knowledge, this is also the first-ever study that assessed the EDI of SMZ by Jordanian adults, and one of the very few in the world assessed the international EDI of SMZ. [Table-3](#T3){ref-type="table"} showed that the average EDI of SMZ was 0.286 µg/kg b.w./day. Results revealed that the highest EDI came from imported frozen poultry with average of 0.429 µg/kg b.w., followed by domestic fresh poultry with average of 0.322 µg/kg b.w./day, and the lowest EDI was for domestic frozen poultry with average of 0.081 µg/kg b.w/day.

###### 

EDI of SMZ by Jordanian population.

  Poultry source     SMZ residues level (µg/kg)   Daily poultry meat intake (g)   Average b.w. (kg)   EDI (µg/kg b.w./day)^[1](#t3f1){ref-type="table-fn"}^
  ------------------ ---------------------------- ------------------------------- ------------------- -------------------------------------------------------
  Domestic--Fresh    265.07                       85                              70                  0.322^b[2](#t3f2){ref-type="table-fn"}^±0.021
  Domestic--Frozen   66.87                        85                              70                  0.081^c^±0.007
  Imported--Frozen   353.08                       85                              70                  0.429^a^±0.047
  Average            235.58                       85                              70                  0.286±0.032

Results are means±SE.

Means within the same row with different letters are significantly different (p\<0.05). EDI=Estimated daily intake, SMZ=Sulfamethazine, b.w.=Body weight, SE=Standard error

Discussion {#sec1-4}
==========

Incidence rate and contamination levels of SMZ in poultry meat {#sec2-9}
--------------------------------------------------------------

The current research is the first-ever study reporting the SMZ levels in poultry meat in Jordan. SMZ is a suspected carcinogen and its presence in food could expose a great health risk to human. Furthermore, the incidence of SMZ has been confirmed in various food types including meat, fish, milk, and cheese products \[[@ref21],[@ref27],[@ref29]\]. In addition, SMZ is the major cause of approximately 95% of all SAs violations in animal tissues \[[@ref17]\]. However, the current study revealed that 16.7% of the surveyed samples exceeded the MRL with an average of 235.58 µg/kg and considered as unfit for human consumption. The highest incidence rate and contamination level were observed in frozen imported samples (26.7% and 353.05 µg/kg, respectively). The same pattern but with less incidence rate and contamination level was observed in fresh domestic samples (18.3% and 265.07 µg/kg, respectively). Unexpectedly, the frozen domestic samples showed the lowest incidence rate and contamination level (3.3% and 66.87 µg/kg, respectively). This high incidence rate and contamination level of SMZ in both domestic and imported poultry samples may indicate the high using rate of SMZ in the intensive poultry production system, which is likely due to SMZ high efficacy in fighting diseases and promoting growth in poultry.

In Jordan, SMZ incidence in poultry meat had not been reported before, and on extensive search, only one study was found about the incidence of four SAs, including SMZ, in red meat in Jordan \[[@ref30]\]. This study reported that 3 of 36 sheep and beef meat samples contained detectable but below the MRL levels of SAs. Internationally, a limited number of studies concerning the incidence of SMZ in poultry meat was found. However, The SMZ levels detected in poultry samples in Jordan were comparable to those reported in many other studies. In agreement to our results, Mehtabuddin *et al*. \[[@ref23]\] surveyed the contamination level of SAs including SMZ in poultry meat samples in Pakistan and reported that 23% of the samples exceeded the MRL and were unfit for human consumption, with the range of 0.02-0.8 µg/g. Another study in Lebanon reported that 1 of 80 samples contained 17.3 µg/kg of SMZ in poultry meat \[[@ref31]\]. Moreover, Cheong *et al*. \[[@ref21]\] reported that, among different SAs, SMZ residues in poultry meat in Malaysia ranged from 7 to 39 µg/kg. In general, it is very common to survey SMZ incidence in different food products including poultry meat as part of the surveying SAs group. For instance, in the USA, the SAs incidence rates were reported to over 4%, while in Italy, a lower incidence rate was reported (\< 1% violation) \[[@ref32]\]. Another study in Nigeria on the occurrence of veterinary drug residues, including SAs, in poultry products showed contamination of 33.1% in broilers \[[@ref33]\]. In agreement with the results reported in the current study, Salem \[[@ref34]\] and Shaikh and Chu \[[@ref35]\] found SA residues above MRL level in chicken meat samples.

Even though there was no report about SMZ incidence in Jordan or many other Middle East countries for more realistic comparison, it is quite obvious and crucial that the contamination of poultry meat with antibiotic residues including SMZ is an international problem. Therefore, the protection of consumers from SMZ residues requires fundamental national and international collaboration and far-reaching agreements of national and international regulations to control antibiotics usage in animal production systems. Moreover, the current findings advise that the best strategy to control antibiotics residue in animal, particularly in poultry meat, should start at the farm level, through strict control and monitoring system of using antibiotics in animal production and applying the good agricultural practices for proper observation of antibiotics withdrawal period. Moreover, several natural plant and probiotics bacterial extracts with strong antibacterial effects have been investigated recently to control many foodborne pathogens in meat and meat products \[[@ref36]-[@ref39]\]. These natural extracts could represent promising alternatives of antibiotics in poultry production to maintain a low mortality rate, a good level of animal yield while preserving environment and consumer health.

EDI of SMZ by Jordanian adults {#sec2-10}
------------------------------

Up to our best knowledge, this is the first research that evaluated the EDI of SMZ by Jordanian adults from poultry meat. Even though there is no tolerable daily intake recommended by regulatory authorities for exposure to SAs, including SMZ, the present data seemed to reveal high EDI values ([Table-3](#T3){ref-type="table"}). Furthermore, the previous studies on SAs and SMZ exposure from other countries are very scarce, and only one study by Cheong *et al*. \[[@ref21]\] that evaluated the EDI of SAs including SMZ was found to compare with. In that study, the exposure of SAs from chicken consumption in Malaysian consumers ranged from 0.002 to 0.088 (µg/kg b.w./day) \[[@ref21]\]. Compared to these results, it is worthy to note that the Jordanian EDI of SMZ is very high. The serious and important issues emerge here are the high-risk possibility of Jordanian population exposure to SMZ from poultry in Jordan and the world.

Conclusion {#sec1-5}
==========

The current data represented the first study of SMZ level and EDI in poultry meat in Jordan. Of the 120 surveyed samples, 20 (16.7%) were SMZ violative positive and exceeded the EU maximum limit. The maximum SMZ values detected were 353.08 and 265.07 µg SMZ/kg of frozen imported and fresh domestic poultry meat, respectively. It is also noteworthy the high EDI of SMZ by Jordanian adults (0.286 µg SMZ/kg b.w./day). The findings of the current study indicated high SMZ incidence rate, contamination level, and EDI values in imported and domestic poultry meat, accordingly raised the need to reinforce good agricultural practices as a prophylactic and control measures to control SMZ level in poultry meat through strict use of antibiotics in animal production and proper observation of antibiotics withdrawal period by applying the good agricultural practices.
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